Trials were carried out in spring and autumn at two locations in New Zealand to measure the effects of metsulfuron-methyl on pasture production and composition. Metsulfuron-methyl at 3-12 g/ha resulted in 20-45% loss of herbage production. This was particularly evident for two months after spraying, with no significant reduction in dry matter yield 3 months after treatment in spring. The effect on pasture composition was more persistent. Metsulfuron-methyl, along with clopyralid and picloram + 2,4-D completely removed the clover for the three month duration of the trial. The consequences of broadcast application of these herbicides in pasture need to be considered in the context of the overall farming system.
INTRODUCTION
The problem of difficult to control and herbicide resistant weeds in pasture has resulted in management problems on many New Zealand farms (Martin et al. 1986; Harrington and Popay 1987) . In response to this situation, 2,4-D + picloram and clopyralid have recently been registered for broadcast application to pastures. Both these herbicides damage pasture plants (James et al. 1995) but farmers are willing to accept this risk in gaining control of problem weeds. The herbicide metsulfuronmethyl has high efficacy on many of these weeds (Rahman et al. 1994; James et al. 1997) , but is currently recommended only for spot application in pasture to limit pasture damage. Previous studies of the metsulfuron-methyl damage to pasture have evaluated the high rates used for control of brush weeds (Popay et al. 1985) . However, anecdotal evidence from farmers and Plant Pest Officers suggested that lower rates of metsulfuron-methyl were being used as broadcast applications to control both phenoxyresistant nodding thistle (Carduus nutans) and multicrown ragwort (Senecio jacobaea). The aim of the work reported in this paper was to evaluate the effects of lower rates of metsulfuron-methyl, on pasture production and composition compared to those of clopyralid and 2,4-D + picloram. Tribenuron was also evaluated in combination with low rates of metsulfuron-methyl as it may increase the spectrum of weeds controlled and causes less pasture damage (Rahman et al. 1993) .
MATERIALS AND METHODS
Two trials were carried out in each of the North and South islands, viz. at Hamilton in Waikato and Balclutha in Otago. The trials were conducted in spring and autumn and details of the sites and treatment dates are presented in Table 1 . All trials were established on typical perennial ryegrass (Lolium perenne)/white clover (Trifolium repens) swards.
The herbicide treatments (Table 2) were applied with small plot sprayers in 200-300 litres/ha water at 200-220 kPa. Individual plots were at least 10 m x 2 m and treatments were replicated four times in randomised complete block layouts. Pasture assessments were made on three occasions approximately 1 month apart. On each occasion, pasture composition by point analysis and herbage dry matter were determined. In addition, at 3 months after treatment, pasture composition by herbage dissection was determined. For herbage dry matter determination, 2 strips per plot were mown with either a rotary or reel mower, the clippings were weighed and total fresh weight recorded. A 200 g subsample was collected, oven dried, weighed and used to calculate total dry matter. Pasture composition was measured by point analysis by recording first hits of 100 points per plot using the categories, grass, clover and weeds. Herbage dissection was carried out at the final production cut by collecting a 300 g sample from several areas on the plot. Approximately 400 pieces (25 -40 g) were subsampled and sorted into grasses, clovers and weeds. Green and oven dry weights for each category were recorded.
RESULTS
In the spring trials at both sites, all rates of metsulfuron-methyl significantly reduced pasture production (up to 20% at Hamilton and up to 45% at Balclutha) for the first cut except for the low rate (3 g/ha) at Hamilton (Tables 3 and 4 ). The two higher rates (6 and 12 g/ha) also produced significantly less than the clopyralid and 2,4-D + picloram treatments. By the time of the second production cut, most of the treatments had recovered and their production was within 5% of the untreated controls. However, due to the variation in production at the two sites, this difference was significant for most treatments at Balclutha but not at the Hamilton location. Pasture production had recovered completely by the time of the third production cut, with some of the metsulfuron-methyl treatments yielding more than the untreated control plots. Dry matter production from the clopyralid and 2,4-D + picloram treatments was similar to the untreated controls for all cuts at each site. The same trends were observed in the autumn trials, although pasture recovery was slower. With these trials there are two important factors to note. Firstly there was a grass grub infestation at the Hamilton site. This was not discovered until after the treatments were applied and the metsulfuron-methyl caused severe damage to the grass plants viz, stunting, discolouration and death, which was not expected. Inspection of the site revealed a grass grub population of approximately 100 larvae/m 2 . This apparently was not high enough to be noticed until the additional stress of the metsulfuron-methyl treatments was applied (Van Toor et al. 1993) . It resulted in severe pasture loss in all the metsulfuron-methyl treatments for the first two production cuts. All treatments except the high rate (12 g/ha) were producing as much as the untreated controls by the third production cut (Table 3) . However, in the plots treated with metsulfuron-methyl the grasses consisted mostly of species other than perennial ryegrass, including annual summer grasses. In this trial, the clopyralid and 2,4-D + picloram treatments also significantly reduced pasture production for the first cut. This was possibly also a result of the grass grub infestation.
The second point concerns the Balclutha trial which was not grazed prior to the treatments being applied. The large bank of pasture present at the time of treatment masked the significance of any early treatment differences (Table 4) as the sulfonylurea herbicides principally affect new plant growth. The 6 and 12 g/ha metsulfuron-methyl treatments significantly reduced production for the second cut and the high rate was still having a significant negative effect on pasture production at the third cut.
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At Hamilton, the trial site contained many compositae weeds such as dandelion (Taraxacum officinale) and these were not well controlled by any of the treatments. The Balclutha trial site was nearly weed free.
The addition of tribenuron to the metsulfuron-methyl treatments had only minimal effect on the phytotoxicity of metsulfuron-methyl to the pasture species (Tables 3 and 4) .
DISCUSSION
The results presented here are similar to those of Gomand et al. (1991) who found that metsulfuron-methyl at 5 and 10 g/ha applied in spring, reduced pasture production by 28 and 56% respectively for the first production cut, by 18% (both rates) for the second cut and increased production by 23 and 26% respectively for the third harvest. They also reported severe damage to white clover. The level of pasture damage in these trials was considerably less that that determined by Popay et al. (1985) who measured the effects of the higher rates of metsulfuron-methyl that are required for control of scrub weeds. They found that rates of 18 -38 g/ha reduced pasture production for 9 -12 months after treatment.
In addition to the tolerance of pasture species, these trials provided additional information on the overall health of the pasture at treatment and the consequent tolerance of the pasture to metsulfuron-methyl. Our previous field observations have shown that pasture was less tolerant of metsulfuron-methyl under conditions of drought stress (unpublished data). This often resulted in more damage to pasture from autumn spraying of metsulfuron-methyl than from spring applications. In the current trials this again appears to be the case, with the autumn trial at Balclutha sustaining longer term damage than the spring trial did. These trials also demonstrated that other factors may influence the ability of the pasture species to tolerate metsulfuron-methyl. In the autumn trial at Hamilton where there was a grass grub infestation, metsulfuronmethyl caused significant pasture damage by killing much of the ryegrass. Although overall pasture production had recovered by the time of the third production cut, major contributors to the herbage were grasses other than ryegrass. This would impact on the persistence, quality and productivity of the pasture and reduce its ability to resist weed invasion. The presence of the grass grub was not noticed at the time of treatment as there was sufficient rainfall to maintain an apparently healthy sward despite the damage caused by grass grub to the underground parts of the plants.
Another concern revealed by these trials is the damage to clovers caused by metsulfuron-methyl. These trials showed also that the short term clover damage resulting from other products such as clopyralid and 2,4-D + picloram was as severe as that caused by metsulfuron-methyl. At the time of the third production cut, about 3 months after treatment, all the treated plots were still seriously devoid of clover. Clover is the major source of nitrogen used by other plants in pasture and it greatly improves the nutritional value of the pasture. The impact of these herbicides may have serious and long term consequences in pastoral agriculture in New Zealand.
